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ORBITAL MANEUVERING VEHICLE SUPPORT TO THE SPACE STATION

William E. Galloway
NASA/George C. Marshall Space Flight Center

in SS buildup and resupply, ferrying materials
from lower shuttle or expendable launch vehicle
orbits.

Abstract
This paper describes the Orbital Maneu
vering Vehicle (OMV) and its intended role as
a key element of .the National Space Trans
portation System. Various types of missions,
operating modes, and performance capabili
ties for the OMV are described as are typical
mission scenarios, with the OMV based at the
Shuttle and at the Space Station (SS).
Particular emphasis is placed on OMV mis
sions in support of the SS. Retrieval of a
spacecraft to the SS for servicing, followed
by redeployment of the spacecraft to its
operational orbit is typical of SS-based
projected missions.

The OMV is a program of the NASA Office
of Space Flight and is managed by the Marshall
Space Flight Center in Huntsville, Alabama.
The OMV Development Request for Proposals was
released in November 1985. TRW was competi
tively selected to perform the development
activity with an Authority to Proceed (ATP)
date of October 1986. The October 1986 ATP
supported a 1991 launch date (this has recently
been changed to 1993 to accommodate budget
constraints).
OMV Design Reference Missions

Introduction and Program Status

Performance requirements for the OMV were
based on a set of design-reference missions
(DRM's) developed by NASA and its contractors
over the years. Twelve missions, typical roles
OMV will be called upon to perform, are shown
in Table 1. They serve as guidelines in the
process of system design analysis and establish
design envelopes within which OMV missions can
be assigned. Each DRM can be performed by an
OMV based at either the Shuttle or the SS.

The Space Shuttle was designed to provide
ready access to Low Earth Orbit (LEO). How
ever, since many spacecraft have operational
altitude or inclination requirements beyond
the practical capability of the Shuttle,
added propulsion is often required. The OMV,
an essential element of the U.S. space trans
portation infrastructure planned for the
1990's, fills this vital role. The OMV also
gives the SS its needed agility to access
remote spacecraft or to ferry supplies.

OMV Flight Vehicle Description

The OMV is a reusable, remotely con
trolled, free-flying vehicle capable of per
forming a wide range of on-orbit services in
support of orbiting spacecraft. Multiple
propulsion systems and onboard avionics enable
the OMV to deliver and retrieve spacecraft to
and from orbits beyond, the practical limits
of the current Space Shuttle. In addition
to the augmentation of Space Shuttle capabil
ity, the OMV will provide the Space Station
with agility. A Space Station based OMV will
be used to remotely service unmanned platforms,
to retrieve for maintenance, and redeploy
spacecraft and large observatories, and to
support a wide variety of SS proximity opera
tions. The OMV may also play important roles
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The OMV is approximately 15 ft in diameter
and 56 in. in length, excluding proturberances
such as trunnion scuff plates, retrieval trun
nions, and deployed sensors and antennas. The
fully loaded vehicle weighs approximately
18,000 Ibs, although specific DRM's can be
accommodated by partially loaded vehicles.
Vehicle weight includes 9000 Ibs of usable bipropellants (MMH/N 2 Oi+) for four variable thrust
orbit adjust engines, 1180 Ibs of usable hydrazine (NaHit) for the monopropellant Reaction
Control System (RCS) and 165 Ibs of usable
nitrogen (GN 2 ) for the cold gas RCS system
(used for maneuvering in the vicinity of con
tamination sensitive payloads).

Table 1. OMV Design Reference Missions
1.

Large Observatory Service
(Payload Weight: 25,000 Ib)

7.

Leave base (Shuttle/Space Station);
retrieve Space Telescope 130 n.mi. above base;
bring telescope to base for servicing; rede
ploy 130 n.mi. above base; return to base.
2.

Carry payload 180 deg away from base at
the same altitude for 7 days; return to base.
8.

Payload Placement
(Payload Weight: 3,500 Ib)

9.

Payload Retrieval
(Payload Weight: 11,000 Ib)

10.

Payload Reboost
(Payload Weight: 25,000 Ib)

11 .

Payload Deboost
(Payload Weight: 75,000 Ib)

Base Support
(Payload Weight: 1,000 Ib)

Circumnavigate Space Station at 270 n.mi.
altitude.

Deboost payload from 160 n.mi. orbit to
atmospheric reentry trajectory (-1.0 deg at
400,000 ft altitude); return to base.
6.

Logistics Module Transfer
(Payload Weight: 50,000 Ib)

Leave shuttle at 160 n.mi. orbit; deliver
module to Space Station at 270 n.mi. altitude;
return module to shuttle.

Leave base; reboost payload from 100 to
220 n.mi. above base; return to base.
5.

In Situ Servicing
(Payload Weight: 5,000 Ib)

Leave base orbit; service payload at 400
n.mi. above base; return to base.

Leave base and retrieve payload from
220 n.mi. above base; return to base (1.0 deg
plane change each way) .
4.

Multiple Payloads
(First Payload Weight: 5,000 Ib)
(Second Payload Weight: 10,000 Ib)

Deploy first payload 85 n.mi. above base;
retrieve second payload from 110 n.mi. above
base and return it to base.

Transport payload from base orbit to
340 n.mi. above base and deploy; return to
base (1.0 deg plane change each way).
3.

Subsatellite
(Payload Weight: 5,000 Ib)

12.

Payload Viewing
(Payload Weight: 200 Ib)

QTV Payload Transfer
(Payload Weight: 75,000 Ib)

Transfer orbital transfer vehicle to dis
tance of 3,300 ft from Space Station; return
to Space Station.

Leave base orbit and view payload at 840
n.mi. above base (1.0 deg plane change);
return to base.
As illustrated in Figure 1, the OMV is
composed of Short Range Vehicle (SRV), incor
porating the RCS and avionics equipment, and
a separable bipropellant Propulsion Module
(PM). Shown on the SRV is the body mounted
solar array available for augmenting OMV
battery power. The SRV is modular, containing
11 avionics Orbital Replacement Units (ORU T s)
and 4 RCS ORUs. The entire PM is an ORU
which permits on-orbit bipropellant resupply
through module change out. Using four variable
(13 to 130 Ib) thrust engines, the PM provides
approximately 90 percent of the total impulse
capability of the OMV. However, on-board
monopropellant and cold gas RCS systems and
self-contained guidance and navigation elec
tronics provide the SRV with a complete func
tional capability to place, rendezvous,
retrieve, and berth payloads.
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Ground Control Console (GCC)
The GCC (Figure 1) provides the capability
to command the OMV subsystems, to pilot the OMV
spacecraft via interactive controls, to pro
cess and display data, and to support engineer
ing data analysis. The GCC is located within
an Operations Support Center and provides the
primary control of the OMV operating out of
the STS Orbiter. When based at the SS, control
for close proximity to the SS is from the sta
tion. The OMV is capable of automatic flight
except for terminal rendezvous and docking
operations. These operations are controlled by
the GCC using real-time teleoperations.
Figure 2 depicts the front face of the OMV,
showing acquisition, docking, and communications
provisions, as well as an RMS Grapple Docking
Mechanism and the bolt circle for cantilevered
payloads (described below).

Deptoyabie
,TV Cameras (2)

Manifolded
Hydrazine
Tanks (4)

PCS Modules
(4 ORUs)
Cold Gas
Tanks (4)

Depbyable
Prime GCC

Back-up
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Co-Pitot
Workstation

Pilot
Workstation

Tunnel lor
Docking
Mechanism

4X

13-130 LBF
Throttleable Engines (4)
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Figure 1. OMV Elements.
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Figure 2. OMV Configuration: View of Front Face.
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Performance

Interfaces and Resources
OMV to Payload Interfaces
The Three Point Docking Mechanism (TPDM)
assembly allows for docking with payloads
having a Flight Support Structure (FSS) inter
face. It includes three coordinated latches
mounted on a structural ring, redundant TV
cameras, lights, and electrical umbilicals.
The RMS Grapple Docking Mechanism (RGDM)
is based on the flight-proven Shuttle RMS
end-effector and is compatible with payloads
having a standard shuttle grapple fixture.
It can be extended 27 in. beyond the front
face of the OMV. Redundant cameras and lights
are part of this system.
The OMV also provides an interface for
carrying up to 5,000 Ib cantilevered payload
during STS launch and landing. The mechanical
interface is provided by eight attachment
points within a 135-in. diameter bolt hole
circle on the vehicle forward frame assembly.

Figure 3 shows OMV and SRV payload capa
bility parametrically as a function of altitude
above the base (Shuttle/SS) for various mission
scenarios. The curve labeled "Delivery" is
the capability -to deliver a payload to a higher
orbit, while the "Retrieval" curve represents
the capability of the OMV to depart the base
and retrieve a payload. The curve labeled
"Round Trip" shows the capability to deliver a
payload or servicing kit to altitude, and then
return it to the base. The lower curve,
"Retrieval and Redeploy," indicates the capa
bility to retrieve a spacecraft to the Shuttle
or SS for servicing followed by redeployment
to its operational orbit.
30
28
26

I

Resources Available to Payloads

The OMV will provide certain standard
data services to attached payloads. These
will be implemented via hardwire interfaces
to the OMV. Presently planned data services
include:
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RETRIEVAL
ROUND TRIP
RETRIEVAL AND REDEPLOY
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OMV PERFORMANCE
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TBD.

DELIVERY
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4) Low rate telemetry via Command/Tele
metry Data bus: TBD.

ROUND TRIP
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Electrical Power
Five kWh (1 kW peak) of energy can be
provided to an attached payload as a standard
service. The OMV will be capable of providing
1 kW of power for 5 continuous hours or less
power over a longer period of time if the user
desires.
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Bus (as available): Maximum 972 Kbps.
Serial telemetry rate:

220
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2) Command rate via Command/Telemetry
Data bus: Maximum 1000 bps.

6)
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1) Payload software: Maximum 2000 words
of memory in the OMV computer.

Serial command rate:

DELIVERY

14
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Data Communications
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SRV PERFORMANCE

24
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Figure 3. Payload Capability for
Altitude Changes.
OMV Support to the Space Station
The ability of the OMV to provide agility
to the SS is viewed by many in NASA as one of
the vehicle ! s most important attributes. It
will be available to support assembly and

10-4

,

buildup of the initial station and afterward
will become a vital element in Space Station
operations.
A SS based OMV will be uxsed to remotely
service unmanned platforms, to retrieve for
maintenance, and redeploy spacecraft and
large observatories, retrieve to the SS logis
tics modules launched from an Expendable Launch
Vehicle (ELV) or the Shuttle at a lower altitude,
perform control deorbit of SS material, and
perform a wide variety of SS proximity opera
tions.
Logistics Module Retrieval
Material required by SS is launched by
either an ELV or a Shuttle. In both cases,
the launch vehicle is launched into a rendez
vous compatible orbit with insertion altitude
based on optimum use of OMV/ELV/Shuttle
resources.
Controlled Deorbit of SS Material
The OMV will be used to perform controlled
deorbit of SS material,, Material to be deorbited will include SS trash or material
produced at the SS requiring return to Earth
when a Shuttle is not available.
Remote Service of Unmanned Platforms
The capability to change out failed or
worn-out satellite modules and to replenish
fuels and other expendable commodities in situ
offers satellite programs a greatly reduced
operating cost when compared with replacement
of an entire satellite. Although not part of
the OMV development effort, several alterna
tive servicing system design approaches have
been defined and evaluated in Reference 1.
Proximity Operations
SS/OMV Proximity Operations will include
transport of more powerful upper stages such
as an Orbital Transfer Vehicle and payload to
a safe distance from the Station, circumnaviga
tion of the station with frequent stops for
observations and other activities. SS proxi
mity operations are typically performed using
the OMV G^2 RCS and will be under the control
of an OMV "pilot" on the SS.
Return of Spacecraft to the SS for Servicing
For a SS based OMV there are two options
available for retrieving a spacecraft to the
station for servicing (summarized in Figure 4).
Both are made possible by orbital nodal drift,
which is a result of the Earth's non-spherical
shape. Nodal drift is a function of altitude
and inclination, thus spacecraft with differ
ent altitudes and/or inclinations will have a
nodal separation rate between their respective
orbits. In the first case, it is assumed that

the difference in altitude between the SS and
a spacecraft at the same inclination is greater
than 50 n.mi. This results in a relatively
large difference in nodal drift rates between
the two orbits. This results in a retrieval
"window of opportunity" associated with each
nodal realignment during which the spacecraft
may be retrieved by the OMV. The window is
determined by the capability of the OMV and
is a function of spacecraft weight, altitude
above the SS, and the relative nodal drift
rates of the two orbits. This technique of
spacecraft retrieval will be particularly
valuable for those spacecraft requiring ser
vicing at intervals commensurate with the nodal
realignment periods (Reference 2) .
A second technique for having accessibility
to spacecraft co-orbiting with the SS is based
on differential ballistic coefficients, nodal
drift, and the OMV's payload placement and
retrieval capability. A spacecraft whose
ballistic coefficient is less than the SS's is,
for example, deployed above and out of the
plane of the SS. As drag forces act on the
deployed spacecraft, its orbit will decay and
altitude will eventually fall below the sta
tion. At the same time the orbital altitude
is decaying, the relative position of the
orbital nodes is changing. When the spacecraft
is above the SS, the SS ! s orbital node is
catching up with and passing the spacecraft's
line of nodes. As the spacecraft's altitude
decays below the SS's altitude, the relative
nodal drift rate reverses and its line of nodes
begins to catch up with the SS's line of nodes
and will pass and go beyond. By proper initial
placement, the interval during which the space
craft can be retrieved using a SS based OMV
can be maximized. When the altitude and nodal
alignment is near the limit of the OMV's per
formance capability for spacecraft retrieval,
an OMV mission is flown to once again readjust
the orbit (Reference 2).
A typical Large Observatory Servicing
Mission (LOS) will proceed as follows. When
the observatory is in a retrieval compatible
orbit (nodal alignment, orbital inclination,
and altitude) , the OMV is deployed from the SS
and transfers to a safe proximity stand-off
distance. Terminal maneuvers are performed
using the cold gas RCS system. After rendezvous
and docking with the spacecraft, the OMV will
return it to the SS for servicing. Following
servicing of the Large Observatory, the OMV
will then re-deploy it to its desired opera
tional altitude. After the spacecraft is
safety deployed and operational, the OMV
returns to base.
Future Capabilities
The initial OMV will be capable of both
Shuttle and SS based operations. As the space
program advances and more demanding mission
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1. Periodic Accessibility

2. Continuous Accessibility
(Station Keeping)

• OMV can retrieve spacecraft at or near
alignment of nodes

• Based on differentia! ballistics coeffi
cients, approx. equal altitudes

• Access frequency is function of attitude
difference

• Periodic spacecraft replacement by OMV
required
"On Demand" access requires Shuttle
Figure 4. Returning Spacecraft to Space
Station for Service.
needs materialize, the OMV capabili
ties can
be extended through the use of kits,
modules,
or modifications to meet these more
rigorous
requirements (see Figure 5). Mission
kits for
such functions as satellite servicin
g, satel
lite refueling, battery and module
exchange,
and capture of tumbling satellites
are being

\

\

considered (see Reference 3 for a
more exten
sive treatment of OMV kits). Although
the
OMV missions are essentially all in
LEO, an
expendable version may have applicat
ion as a
propulsion module or eventually as
a servicer
for satellites in geosychronous orbit.

^ - Remote Refueling
Increased Maneuvering

\

\

\
\

Shuttle Based

Space Station Based

\
\

Figure 5. OMV Capability Evolution.
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Servicer Kit

Summary

References

The OMV is an essential and versatile
addition to NASA T s Space Transportation
System. It will be able to economically
deploy and retrieve spacecraft from orbits
beyond the practical limits of the Shuttle.
As a key element of the SS, the OMV will be
able to support assembly and buildup of the
initial station and afterwards become a
vital element in SS operations. Support to
a fully operational SS will include satellite
servicing, deployment, retrieval, and rede
ployment, fly around reconnaissance missions,
retrieval of logistics modules, and controlled
deorbit of certain SS materials. To be
available in 1993, the inherent capabilities
of the OMV will meet the present needs of the
Space Transportation System and will become
increasingly important to the U.S. space
infrastructure as the capability of the
basic OMV is further enhanced.
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